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A bstr a ct;
W e pr e s e n七 a r et rie v al algo rit hm ofaero sol op七ical thichess o v e rt hela nd ar e a･ T hiB algori thm is baaed o nt he da rk-
七alget appro a ch c o mbined wi th the 七e x七u r e a n aly8is･ h the 丘r6七 p計七 of the dgorit血 1, We e mploy the 6 Sc ode to
c alctlate t he r ele v a nt radian c e c o mpo n e nts I The ae rosol opticalthickn e ssis retrieved o ver the s e a sd ace a BSnmins
a slⅡfa c e r曲 cta n ce of2 % wi th ty pical aero sol m odelsin the 6 Sc ode(e･g･ M aritim e, tJrban a nd Con 血 ent al). In
ad ditio n, w epres e nt a
``
Ka zl七o
'' a erosol m odelon the ba 8is of 七he gr otlnd m eaBtl rem e n七s c o nduc ted &t llsites on t he
Ka nto plain du ring D ece mber 22･24, 1 99 7･ h this m Odell 血emic alco mpositio n data ar c u s ed to derivethe single
B C at te ring albedo a nd t he asy m m etry par a m et r. T hese optic alpar a zneter日 aJ
.
e useful to improv ethe a&ctlraCy Ofthe
r adl atio n c alcll atio n with the 6 Scode･ This m ethodis ap plied to Be VeZ
･alsi七飯 arbiもra ry choB eJIO nthe BeaSea, a nd
by tw o
-dim e n sio nal lin e arinte rpAn,tio nl W e Ob tain a
比
T -im age
l)
ov e rthe land aJ e a･ 1n the s e c o nd p d , a diqcr e nce
im ageis c alctll乱ted betwee n a n 且Ctu als atelliteim age(tu rbid im age, NOA A AV rI R Rdl 弧 nel1 o n Dece mber1, 199 7)
a nd a cle a rim aget hatis obt ain ed by ap plyingthe atm o spheric c?T reCtio nto asateniteim age(Dec e mber16. 19 9 7)･ h
thelastpa rt･ the atm o sphe ric fbatt ue8in clllded in the diBe re n ceI mage Z F ea naly2;edby the 七e xtn l e analy8is･ For each
ar e athat in clnde 8bot h land a ndse aSu rfac e s
,
and is?atego 血 ed izltO a七c x el(i･e ･ i七8 atm osphe ric fe atureis conside r ed
七o be n nifo r m),t he optic althickn e ss Of theland a r e a lS a SSu m ed もo bc t he S a me a Bthat ov e rthe sea are a. As a whole
,
the pr es e nt m ethod m al【esit■pos8ible to e xtendthe m et hod ofan aly2=ing atm o sphe ric c o nditio n sfro m sa,tenite data to
thela nd 8u rtaCe Sthat are s urr o'Llnded by w ater a re a s.
1. Introdt lCtio n
h order I,o derivepre cise 8 u rfa e e re且 ct.a n c efro m
sa.telliteim age data inthc visible and n ear-infr ared
bands,itis r eqllir ed to co ndu ct the atm o spheric cor-
r e ctioII Which 8 e rv eB七o r e m o v eI.he effe cts of皿 01ec u-
1ar a nd aer os olscattering[1]･ Gen erauy the par a m-
eters ne eded in this type of c alculatio n ar ethe val-
u es
.
ofthe opticalthicknes sfo r 皿 01ec11les a ndaer osol
particleB･ T husfad, w eha v e studiedthe atm ospheric
c orrectiorlbas ed o n a m odi&c atio n ofthe Richter's
tw ひS七ep algorithm【2, 3]･ Sin cethe chemic alc o mp㌣
sitio n and sizedistri butio n of aer os ola requite v 打1-
able
,
it is desired to de vise B O m e Operatio naltech-
niqu estodetermin ethe a er os olopticalthickn e88fro m
s atelliteim agesthe m s elves. A T - m ap thatdescribes
the horizontal distri bution of a ero s ol opticalthidK-
n e5 8 C Odd possiblybe obtain ed byi血 erpolatingthe
aeros ol ptic al pr opert.ies obs erv ed at s ev eralsites
tlSlng gro und s ampling and gr o u nd observ ations by
m e ans of in strum erltS S u ch a s a S u n-Pho七o m etcr and
a lidar[4, 5]･ Obvio u sly this m ethod c o uld be co m e
laborio u s sinc eit requires 8in ultan e o u s obs ervation s
at sn氏 cie nt nll mber of sites. h c ozltra Bt
,
S atellite
im agesthe m selves C a nPr o videtheinsta血 a 皿e O11Sdis-
tributio n ofa eros ol pticalthicknessin abr o ad ar ea,
o n c ethe gro u nd r e且ecta n c eis glVe n, T his approa,ch,
ho w ever, is hardly a･pplic able to la nd s u rfa cesbe-
c a n1S eOfa wide variety ofs urfa c e co nditio n s s udl aB
urba=la r e a･,fo r e st ar ea, etc ･ h c ontra st, the日eaSu r-
fa c e a nd v egetatio n c an opy exhibitm o re o rles u ni-
form re且e ctan c e
,
a nd ov er such sllrfaces, it bec o m es
possible to r etrie v ethe a er os ol opticalthickne日Sby
m eans of radiatio ntr a nsfer calculatio n B. Rec ently
the de velopm e nt ofradiatio ntr an sfer c odes Su ch aB
the6S(6]hasim pr oved the situ a,tio n, sin c ethey ar e
equlP ped with standardized atm o spheric c oTlditio n 8
S uch aBty pic al a er os ol m odels. M or eo v er, the 6S
c ode 由1o w sthe uB eral8 0tO defin ethe a8r OSOIsi2;e
distributio n.
h this pa･per w epr es ent an algorithn forderiv -
ingthe aero s olopticalt,hidくn eB S o v erla nd are as s u r-
ro unded by s ea(ordark target)aN eaBI Radiatio n
tr an sfer c alc ulaもion 自a ndim age pro cessingted miqlleS
are co mbin edto a nalyze the NO A A AV ⅡR Rim ages
ove rthe Chiba area.. In the de mon如ra.Lio n of o ur
algo rithm , w e m ake u se ofthe 6S c ode with its sta n-
da rdiz ed aβr os ol m odels. h additio n, w edescri be a
m ethod 七o determine aero soloptic alqu antities丘orn
their cbemicalpr operties a cquir ed by grou nd s am-
pling.
2 , A lgorithm s
2.1 Radia n c e c o mpo ne 工止s de七e c七ed by a
s a七e11ite s;ens or
･ In the viBible and n ear-infrared ba nds
,
a s atellite
s en s ordetectsthe radian cethaLtiB aRected bythe at-
m o spheric abs orptio n and 8C a.七tering. T he r adia n c e
r eceivedby a. S e n s o ris expr essed as:
L訟!l - (D N･ S ･ I)謡面 (1)
wher eD N8ta nd8fo rthedigital71tl mber ate a chpixel
inthe S atelliteim age, EBisthe s olarirradiaJICe a,tthe
top ofthe atm ospher e, ” is the band wi dth, and S
aJld Iare the calibr a,tion co n sta ntB Ofthe saもe11it,e
s e n s or ･ Figu re1 sho w sthe radiaulC e CO mpO n e ntS de-
te cted by a s atellite se n s or･ T he6Scode co mputes
the folowing six co mpo n eTltS :1)L上a, : The r adi-
a n c edue to the targetpix el LtzL,in cllユdesthe three
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Fig･ 1: Radian ce c o mpo n ents detected by a sa･te11ite
Sensor .
o u spixds ･ 3)L&tm : T he pakhradia n ce origin a血 g
from the single a nd m ultiple atm D8Pheric 8 Cah tering.
T he 6S code do es n ot Providethe dir ectly gro u nd
reaected c o mpo n e nt, Lgd ･ Altern ativ ely, w e ll S ethe
follo wing equ ationt.o obtain 七his co mpo n ent, which
is de n oted a8ヱ貰c:
塔 c -吉/Ee(A)T9^(Os)pe e - T/p･pe - ,/p u d .^ (2)
Here T5 5 06taZld8forthe a er os ol opticalthich e日8 a,t
550n 皿 , tlS ed aBan inpllt paJ am eterin the 6S c ode.
Now the dire ctly grou nd- re且eet,ed r adian ce observ ed
by the s atellite s en s or, L≡t', i8 e xpress ed a 虚 afun c-
tio n ofT550:
L…dA
'
- Le.AtTa. - L
'
(T550), (3)
L
'
(T55 0) - Lt｡t?1
- LEd' C, (4)
Lt.t&1 - Latm ＋ Lc n v＋ Lta r (5)
whereL己盟is七he radia n c e rec eiv ed by the AVE R R
s ens or(cha 皿 e1 1)obtain edwith Eq.(1), and L
'
(T550)
I.he1,otalpath radianc e at 550n 皿 : 七hi8 pal血 r adi-
a n c eis afunction ofT55 0alo n e whenthegr ollnd re-
且ecta n c epis a ssu m ed to be 0.
2. 2 Co nst王･u Ctio n of :KaJltO a e r o sl m odels
fro m t.he che mical pr ope rt.ies
Aeros olp artide8are emitted 丘
･o n div erse orlgln S
and stlSpended in 七he.airin cess antly cha nging their
8ize･and c o mpo6itio n[7]. Altho ughthere eE1日tnTn Cr
-
ollB W a.yS七o clas sifythe aero s olco mpo sition, prl m ary
c o mpo n e nts are s oila nd se a 8 aitfr o m n atllralorigln,
c arbo n and heavy m etal fro m artificials otlrC e S, and
w ater -s olubles slldl a£ Sll fa.te s and nitrates. h もhe
visible w avelength, partic ularly im portむIt CO mpO -
ne nts are ele m ent,a ry carbon and w ater-8 01uble parti-
cle, both of which effe ctiv ely abso rb viB ble photo n s.
Mo re ov er, w ater-B Oluble particlespro m ote the clolld
c o nde n sa.Lio n w orking aB n u clei in the pr o c essI In
the 8i皿 ple tre atzn e nt ofthe globalradia.t.iv eforcing,
itis c u sto m ary to u sethe r atio betw e e n ele m entary
c arbo n and w ater-s oluble日【8]. Als oin the 6S c ode,
a ero s ol opticalproperties are calculated u sing this
ratio as w ella sthe para m etersdescribing the s oil
and m aritim e c o mponents .
h the prese nt W Ork, w e adoptthe m ethod devel-
op申by Ota[9]･ Na m ely, itis assu m ed that_
inthe
tropo8phere ae m sol particles co n由 七 ofsix 8PeCie日,
i. e. ･ele n e ntary c arbo n(EC), organic c arbon(Org),
aI Ⅷ 1 0 ni11 m S ulfate((N f[4)2S O4), a m 皿 O ni um nitrate
(N E4N O3), βea Salt ca･tio n, a nd s oil･ T he effect of
ht mi dity onthe particle radiu s and de n sity of w ad;er
-
s oluble particlesa rein co rporated bythe 恥 ng
'
Bthe-
o ry. Fornon w ater
-s olllble particles, values of den-
sity, radiu s, a nd r efr activ ein dex are a BBu m ed to be
c o nstantirrespe ctiv e ofthe rela.tivehl1mi dity.
h the s am pling, a low - volll m eAnderse n S aZnpler
iB us ed withqlla rtZ 丘ber and poly-丑o n丘Iters, giving
clas8iBc atio n ofthe part.icle radillS in nin e classes.
Ion and ca rbonic co mpozle n七B are detected by BLnar
lyzingp article8Clingingto e a ch丘Iter･ These C O 皿pO -
n e n七s aredivi dedint.o the abo v e six 8Pe Cies, a nd for
ea ch
,
the SizediBtri blltio nisdeter mined by丘ttingもhe
resdt. to abin()dal, 1ogn or mal distributio n･ Sin ce
the r efractiv eindex ofea ch c o nBtitllenl.is available[12],
the Mie -calculation giv esthe extin ction c o efBcie nt
cr
e xt, s e a.ttering c o e缶cient qBC a , ands c atte 血 g pha se
fun ctio nPi(0)for e ach co mpo n e nt=
q
モxt
- /Qkt'r,q ･ ni'r'dr, '6'
q:c & - /Qic &(r･h). ni(r)dr, (7)
/pi'e'
.
d n - 如
, (8)
whereQe xt andQs c a a r ethe extin ctio n a nd 8 Ca.tter-
ingcro s s βe Ctidn, andthe sl瓜 Ⅹ i -[1,2, ･ ･ ･ ,6]refers
七o the a er osol species. For the mixttu e ofthe six
co mpo n ep由 ,the Single sc atteringal bedo uo and七he
aByTlm etryfactors9 are CalculatedIl血 sthe sn m of
q
e ,rt, qB C aa nd Pi(0).
2 .3 D eter min atio n of T a nd co nstrtlCtio n of
T:M A P
In th1日pape r, w ederiv ethe opticalthicknesBfro m
im ages_
of AVH R Rcha 皿 el 1(ce nter ed a･t 630n m)･
T he re且ect.an c e ofthe 白ea. S urfa ceis aB8 u m edto take
a co n stant vallle Ofp - 0.02. h additio nt.o the radi-
a n c e c o mpone血s m ention ed abo ve, the code yields
the 始rO S Ol opticalthickne8S Which c orr esponds to
the c enter w av elmgth of 630n m , 丁㌫C . Ifthetarget
exhibits the La mbertian r e且ectio n
,
the 日 am e Optical
七hi 血ess a.t630n mt.ha七the S atellite E;e n S O r ObB er VeS
c analsobe calculated fro m the dire ct co mpo n e nt
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The calculat･io nis G氾 Tied ollt at abollt 30pixels
in Fig.2, a rbitrarily chos en O nthe s ea a re a aro u nd
the Chiba prefectu r e(Bos openin 日ula sllr rO unded by
the T bkyo Bay andthe Paci五c Oce an). Byinterpo-
lating the TB30Valu esfrom the s a mpling poin ts, we
- 4 8-
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Figr 2: S射 npling points aro u nd Bos openinsula･
obtain a T- m ap. T he tw o-dim e n Bio nal inte rpolatio n
i8 perforzn ed by c o mbi mingthre e s a mplingpoin土8(△
A BC), 1in ea rly
_
き空erpola血 g the valu e o m an arbi-
tr a ryside(e.g. BC), andlin e arlyin七erpolatingalo ng
thelines which co n n ect each 8 乱mpling poin七 o nthe
chos en side(喜否)with the residu al point ofthe tri-
a ngle(A)I
For m odificatio n ofthe T - m ap, W e mal(e us e Of a
claBBi丘c atio nte chniqll ebased o n七he te xttlre a皿 aly-
Bis, The method is ap plied to an im age obtain ed by
subtr actinga･
■`
cle ar
”
im age 丘
･o m a n actu al
' '
turbid
''
s atellite im age ･ T his differen ceim ageiB tho ught 七o
involv e■the m ain featu r e oft.he a七m o spher ehv olved
h the testim age. T he actualcalc uhtio n of七he dif-
包ren c eiln age is c o ndu ct.ed by c on v erting the radi-
an c e v alu es ofAV HR Rcha n n el 1 into tile re且ec七a n c e
valu es･ T he di触r e n c ebetw ee nthe test im age re -
Recta,n e ept
8
a ndthe refere n c eim age reae cta n c ep芸is
e v alu ated by m e an s ofthefollowing pa訂 amet.e rdiJ:
dif - (p芸 - p芸)/(pt
'
十 pc
＋
). (10)
Thetextu re a11aly由 is c aried o ut tolo ok for reglO n S
that are 血 aJ.a Cteri2,edby unifo r m co nditio n s ofthe
atm osphere[10]･ Texture Standsfor ap?ite m ofr ap
dian ceswhich a r egio n e xhibits in a 皿 I m age. T he
actual implem entatio n ofthetLe Xture a n alysis ge n er-
ally relies o nthe c o1 0 C Cu rr e n C eProbability m atri】く,
P
c(A,I)re. T his des cri besthe probability that when
the dista n ce r and the anglee betw e entw opix els
are spe ci五ed, the co mbin a.七io n oft.heir r adia n ce val-
u e sbe c om es(k,I).
In orderto sim pli&the calcl山aLtion, ho w e v er, her e
we adopt the gray lev el diffe ren ce v ector(G L D V)
m ethod
,
in which thediifere n c ein the radian c e
,
n =
(k - 1l. is e mployed rather tha nthe pair ofr adia n c e
v alu es[11]L As for the texttlr al fe atu re valtle, W e
m ake lSe Ofthe following n orm aliz ed par a m eterde-
rived fr o mthe GL D V
,
Pg(n),e =
Ⅳ
,
- 1
/a(r,o) - ∑ mpg(n),o/(N9 - 1)･ (ll)
n =O
Here N9 de n otesthebin n u mberusedin the r adian ce
classiGca.tio n
,
a ndthefu n ctio nfm(r,e)七ake8a Valtle
betwe e no a nd 1. T his fuTICt,ion describesthe ex_
te nt ofthe difFe rellCein the m a xim um and m in im u m
densitiesin aim age: whenhighsi mi larityis pres ent
am ong n eighbo ring pix els, fn(r,e)appr o a ches0.
Using the re s ult ofthe textu re anly5iB, the in -
te rpolatio n ofthe T - m ap is c o ndu cted again. T his
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Fig･ 4: T- m aps aro und (コhiba(Dece mber 5, 197).
tim e
,
when 80 m ela nd aJld s ea ar eas areincluded in
a reg10nwith a u niform condition ofthe at.m o sphere
(i. e. in ate x el), the a ero sol op七ical七hidn eB8 0n the
se a S u rfac eis e xtendedto thela nd ad.e a a S W ell.
3 . Re s ults a nd Co nchlSio n s
Fignr e3 sho w srelationship betwe
■
e n 巧50, L冨dA T
Bdld 上雷c over Tokyo -bay o nDe ce mber5, 19971 T he
ty pic ala eros olm odels, SllCh aBM aritim e, Urba n and
Co ntine ntal m odel, and the E:aJIt.0 m odele xplained
in Se c.2.2 are e mployed☆ith the provi ded m odelsin
6Sc ode. For e ach m odel, the v alu e ofT550is obtain ed
fro m the co nditio n of LSiA T I LPd' C･ Fbr aq uiring
the XaJl七o aer os ol m odel
,
sim ultan e olユS Observa.lio n s
w ere m ade 8.t de vez1Bitesto obser ve chemic alpr op -
e rties ofaer os olparticlesd11血 gDe ce mber22to De-
c e mber26
,
1997. Fro m this da,ta
,
w e calc11ate the
fo llowingfo u r opticalpar a m et rsthat ar e-1S ed aB
input par am etersin the 6S code: the exthctio n c o-
e氏cierlt, Single 8C attering albedo, a By皿 m etryfa ctor,
ands cattering phaBefun ctio n･ We c an r ecogniz etha,t
r e s ultfro mI.he Ka nto m odelis closeto that&o mthe
urban m odel.
Figur e4Sho w sT - m a.P畠 wit･h co mbin eda ero s olm odel
o nDec e mber5
,
1997.(a)i8 0btained withthe ll rban
a eros olm odelo nthe Tokyo -bay Side,(b)with Kanto
a eros olm odel. Alt,holght.he valu es ofT a rediffere nt
betw ee nFig.4(a) and(b), the re s ultingdistriblユtio n s
ha v e s o m edhar a cteristicsin c o m m on: T iB relatively
large aro u ndt,he Tbkyo B野, a nd it tends todecrea se
to w ardthe ea st and sotlh dire ctio n s.
Fignr e5(b)sho w sthe diRere n c ein 喝 e betw ee71
NOAAA V H Rch.1r a wim age o nDe ce mber5, 1997
in Fig･5(a)and its a･tm o spherically c orrected im 喝e･
T he cor re ctio nis m ade uslng the Richter
'
s tw o-step
algorithm withthe opticalthicknessvalu esm e a s ured
- 49 -
Fig･ 5= A V ⅡR Rch 1im ages(Dec e mber5, 199 7).
(a)Ra wi皿 age and(b)Differe n c eim agebetw e enthe
ra wim age a･ndthe atm o BPheric aユIy cor r re c ed
威
r･広喜儲 狙 ■■■■■■■
im age.
Fig1 6: Res ultoftextu r e analyBi8 . (a)Unifbr m a.tm o -
spheric c o nditio n aK eaB Obt申ned 丘
･
o m Fig･5(b)and
(b)Modified T- m aP withFig･6(a).
atChiba Univ ersity･ Be ca u s eofthe adjaL:e n Cy- e6ec七
corectio n
,
a trac e ofthe Se ashorei8 re COgni乞ablein
Fig･5(b)･ Neverthele8g,in thisp&g11r e aB a Whole, the
in 触 en ce ofthe groll nd re丑ection hasbe en re m oved
s a･tisfa ctorily, and the im age is m ostly c o ntributed
fro mthe at.m o sphere.
T he textu r e anlysiB i8 i血l)1e m en七ed to the dif-
feren cepix el r adianc edean edin Eq･(10). and the
res ult is Sho w nin Fig･6(a). In this figure, black
regio nsindic ate tha･tin the m, the c'p七ical th ickness
i8 CO n Sideredt.o be l皿iform . This resultis obt mied
by ass uming a textll re Sip;e Of 9×9, r - 1, C - Oo
a nd 0 - 90o ･ M o r e ov e r, w e m ake alogicalprod-
tlCt Ofthe im age with 0 ≡ O
o
a nd C - goo
,
both
being co nverted to bin ary im ages wi th a threshold
offTn(r,e) - 0 3･ In this figur e, tw o r egio n s are
di8C e m ed tht have unifo皿 a^ r n o spheric c onditio n s
beyo ndthela nd/S eaborders 0 V er the s outhern part
ofthe Bos ope nins ula, andthre e u nifo m r eglO n 8 ar C
fouJld the n orthernpart ofthe Bo8 0penins th.
By s up ple m e nting the T- m aP in Fig･4 by thete x-
tu r einfom atio nin Fig16(a), w e obtain ㍗ilnpr OV ed
T - m ap a S Shov m in Fig16(b)I Co n
.
parlng this 丘g-
ure with Fig･4,itis s ee ntha･t the reglOn Ofrdatively
large T be co m es m or elimited ar ou nd the city a rea.
At the S a m etim e
,
the regio nwith S maller T nea rthe
e ntra n c e ofthe ba.y bec o m e8 more e xtended tow a rd
theinland.
h thiB y ork,ithasbeen Bho wntha,t for ala nd sun
fac e s urr o u nded by wa･te r a r e a s(o r m ore gelle ral 1y,
da rk are as), the c o mbin atio n ofdarktarget m ethod
a ndthete xture analysis pr ovides apossibility to de-
riv ethe dlStrib11七ion ofa m oβolopticalthicknessfr om
s a･七ellite data･ ･ A B et Of referenc e(atm osphercal 1y
c orrected)im-ages and a er osol databasewith thein 1
6o - atio n on the s e aso n al v ariatio nswotl dbe paK -
ticulaLly be n eficialfor thi畠 pu rpos e. On the basis
ofa c ampalgn m ea Bu re 皿 e nt Ofthe a ero sol che mical
c o mpositio n, w e have also shov nthat optic al infor一
n atio n Bll Ch a Bthe e xtin ctio n c o e艮cie Ⅱも, 8 C a七tering
c o e氏cient
,
a nd8 C atte 血 g ph鮎 e fun ction are obtain -
able thrbughthe M ie,s c attering calculation . Thes e
par 氾 1 eterSprovide a. baBiB forthe ac cllrate a er os ol
m odel
,
le adingtodetermin atio n ofthe a ero s oloptical
thickness m ap fro m s atellite data ove rthe rele va nt
area.
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